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[57] ABSTRACT 
An A/D converter includes a subtracter for calculating 
a difference between an input signal and a feed-back 
signal, and outputting a differential signal, a local A/D 
converter for converting the differential signal into a 
?rst digital signal, a local D/A converter for converting 
the ?rst digital signal into an analog signal, and output 
ting the analog signal, as a feedback signal, to the sub 
tracter, an integrator inserted in a feedback loop consti 
tuted by the calculator, the local A/D converter, and 
the local D/A converter, a correcting circuit for cor 
recting the ?rst digital signal output from the local A/D 

4,107,669 8/1978 Tewksbury ....................... .. 341/143 converter so as to obtain a second digital signal corre 
4,540.973 9/1985 Grallert ...... .. .. 341/ 106 X spending to an analog signal output from the local D/A 

4388921 5/ gen“ ---- ~ ' - ~ ' ' ' ' ' ' " 32%“? converter when the ?rst digital signal is input thereto, 

4' 06'2 1 11/1 one c‘ a‘ " """""""" " / and an output circuit for outputting the second digital 
4,746,902 5/1988 T016181. ........ .. ..... .. 341/118 . h . . . 
4.771821 9/1988 Suzuki e! a, 341/155 signal, output from t e correcting circuit, as an output 
4.352.125 7/1939 Suzuki . . . . . . . . . . . . . .. 341/76 x 518ml 
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A/D CONVERTER INCLUDING ERROR 
CORRECTION FOR A LOCAL D/A CONVERTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an A/D converter 

and, more particularly, to a feedback type A/D con 

5 

verter such as a AZ modulator type A/D converter or I 
a A modulator type A/D converter. 

2. Description of the Related Art 
A A2 modulator type A/D converter is known as a 

feedback type A/D converter. A conventional A2 
modulator type A/D converter is designed such that a 
differential signal based on a difference between an 
input signal supplied to an input terminal and a feedback 
signal as an output signal from a local D/A converter is 
generated by an adder, the differential signal is input to 
the local A/D converter through a low-pass ?lter for 
integration, and an A/D converter output is obtained 
from an output terminal. 

One-bit converters may be used as a local A/D con 
verter and a local D/A converter in principle. If, how 
ever, an integrator used as a low-pass ?lter is a three or 
more dimensional integrator, and if a converter having 
a one bit structure is used, an operation of a AZ modula 
tor becomes unstable. For this reason, a converter hav 
ing a two or more bit structure is used. If a converter‘ 
having a multiple bit structure is used, the quantization 
error is decreased, and the signal amplitude inside the 
integrator ca be reduced. 
Assume that in'the above-described conventional A2 

modulator type A/D converter, the local A/D con~ 
verter and the local D/A converter are ideally oper 
ated. In this case, providing that an input to the input 
terminal is represented by u(z); an output to the output 
terminal, by y(z); a quantization error included in the 
local A/D converter, by e(z); and the transfer function 
of a low-pass ?lter 103, by H(z), the output y(z) is given 
by the following equation: 

If H(z) = 0, 

y(z) = 11(1) Ft; :(2) 

Therefore, u(z) is obtained as the output y(z). If the 
low-pass ?lter serves as an integrator, since l/H(z) in 
the above equations represents ahigh-pass ?lter charac 
teristic, a low-frequency-band component of noise 
based on the quantization error e(z) can be reduced. 
When an input signal is to be sampled by the local A/D 
converter, if sampling is performed by using a fre 
quency higher than the Nyquist frequency, i.e., over 
sampling is performed, so as to remove components 
other than those in a required band by means of a digital 
?lter (not shown) connected to the output terminal of 
the A/D converter, the quantization error can be re 
‘duced, thus obtaining a desired S/N ratio. This princi 
ple is described in detail in Design Methodology for A2 
M BHGWATI P. AGRAWAL, KISI-IANSI-IENOI 
IEEE TRANSACTION on Communication, VOL. 
COM‘SI, No. 3, MARCH, 1983, pp- 360-370. 

In the above-described A2 modulator type A/D con~ 
verter, an output signal from the local A/D converter is 
used as an output signal from the A2 modulator. This 
signal is converted into an analog signal by the local 
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2 
D/A converter. The analog signal is then used as a 
feedback signal. Therefore, a conversion error in the 
local D/A converter appears as an output distortion. In 
order to solve such a problem, the conventional AZ 
modulator type A/D converter uses a local D/A con~ 
verter having precision higher than ?nally required 
precision thereof. That is, a D/A converter having a 
one bit structure is used. If, however, a three or more 
dimensional integrator is used as a low-pass filter, a 
D/A converter having a two or more bit structure, i.e., 
a multiple bit structure, is required, and a D/A con 
verter having precision higher than the ?nally required 
precision must be used, in order to stabilize an operation 
of the A2 modulator, reduce the quantization noise, or 
decrease ‘the signal amplitude inside the integrator. 
Assume, for example, that a D/A converter having a 

four bit structure is to be used. Even in this case, if 
precision of 16 bits is the ?nally required precision, a 
four-bit quantization level must be obtained with the 
precision of 16 bits or more. A D/A converter having 
such a multiple bit structure and high precision is dif? 
cult to realize. Even if it is possible to manufacture such 
a D/A converter, various steps such as trimming of a 
resistor for generating a reference voltage are required ' 
in the manufacturing process, resulting in a considerable 
increase in cost. 
As described above, the conventional feedback type 

A/D converter such as a AZ modulator type A/D 
converter requires a D/A converter having a multiple 
bit structure and precision higher than ?nally required 
precision as a local D/A converter. Such a multiple bit 
D/A_ converter having high conversion precision re 
quires the steps such as trimming. and hence is dif?cult 
to realize. In addition, such a converter is expensive. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
A/D converter which can realize desired conversion 
precision even if a D/A converter having precision 
lower than ?nally required A/D conversion precision is 
used as a local D/A converter. 
According to the present invention, in consideration 

of the fact that an A/D conversion error based on a 
conversion error of a local D/A converter is caused 
because an output digital value from a local A/D con 
verter does not coincide with a digital value corre 
sponding to an output analog value from the local D/ A 
converter, there is provided an A/D converter wherein 
when the local D/A converter has a conversion error, 
the conversion error is corrected to reduce a difference 
between an output digital value from the local A/D 
converter and a digital value corresponding to an out 
put analog value from the local D/A converter. 
More speci?cally, according to the present invention, 

there is provided an A/D converter comprising a sub_ 
tracter for generating a differential signal based on a 
difference between an input signal and a feedback sig 
nal, a local A/D converter for converting the differen 
tial signal or a signal obtained by processing the differ 
ential signal into a digital value, and outputting the 
digital value, a local D/A converter for converting the 
digital value output from the local A/D converter into 
an analog value so as to obtain a feedback signal, an 
integrator inserted in a feedback loop constituted by the 
subtracter, the local A/D converter, and the local D/A 
converter, and a correcting circuit for correcting the 
digital value output from the local A/D converter or 

t 
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the digital value input to the local D/A converter so as 
to obtain and output a digital value corresponding to an 
actual analog value output from the local D/A con 
verter when the digital value is input thereto. 
The correcting circuit is constituted by a ROM for 

storing calibration data, e.g., a relationship between 
digital values input to the local D/A converter and 
digital values accurately corresponding to analog val 
ues output from the local D/A converter. Digital values 
accurately corresponding to various output analog val 
ues from the local D/A converter are stored at the 
respective addresses of the ROM. A digital value output 
from the local A/D converter is used as an address 
input to read out data from an address designated by the 
address input. 
According to another aspect of the present invention, 

a ROM may be used to pre-store a digital value based on 
a difference between a output digital value from a local 
A/D converter and a digital value corresponding to an 
actual analog value output from a local D/A converter 
when the output digital value is input thereto, so that 
the digital value based on the difference, which is stored 
at an address designated by the output digital value 
from the local A/D converter, is read out from the 
ROM, and the digital value is added to the output digi 
tal value from the local A/D converter, thus obtaining 
an A/D conversion output. 
According to still another aspect of the present inven 

tion, there is provided a self-calibration type A/D con 
verter comprising a measuring circuit for measuring a 
difference between an output digital value from a local 
A/D converter and a digital value corresponding to an 
actual analog value output from a local D/A converter 
when the digital value is input thereto, and a correcting 
circuit for correcting the output digital value from the 
local A/D converter on the basis of the data of the 
difference so as to obtain a digital value corresponding 
to an actual analog value output from the D/A con 
verter when the digital value is input thereto. In this 
case, a RAM is used for the correcting circuit in place 
of the ROM, and the contents of the RAM are updated 
at any time to eliminate the difference. 

Since an output digital value from the A/D converter 
of the present invention is corrected to be a digital value 
corresponding to an analog value output from the local 
D/A converter when the digital value is actually input 
thereto, an A/D conversion error caused by a conver 
sion error of the local D/A converter is corrected. 
Therefore, by suf?ciently increasing this correction 
precision, the A/D conversion precision becomes 
higher than the precision of the local D/ A converter. In 
this case, since a tolerance of a conversion error of the 
local D/A converter is increased, a multiple bit D/A 
converter can be used without trimming in the manu 
facturing process. } 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and in 
part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and ob 
tained by means of the instrumentalities and combina 
tions particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorpo 
rated in and constitute a part of the speci?cation, illus 
trate presently preferred embodiments of the invention, 
and together with the general description given above 
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4 
and the detailed description of the preferred embodi 
ments given below, serve to explain the principles of the 
invention. 
FIG. 1 is _a block diagram showing a AZ modulator 

type A/D converter according to the ?rst embodiment 
of the present invention; 
FIG. 2A is a block diagram showing a two dimen 

sional AZ modulator type A/D converter according to 
the second embodiment of the present invention; 
FIG. 2B is a block diagram showing a three dimen 

sional A2 modulator type A/D converter according to 
a modi?cation of FIG. 2A; 

FIG. 3A is a block diagram showing a AZ modulator 
type A/D converter according to the third embodiment 
of the present invention; 
FIG. 3B is a block diagram showing a A2 modulator 

type A/D converter according to a» modi?cation of 
FIG. 3A; 
FIG. 4 is a block diagram showing a two dimensional 

CDCS modulator type A/D converter according to the 
fourth embodiment of the present invention; 
FIG. 5 is a block diagram showing a self-calibration 

type A2 modulator type A/D converter according to 
the ?fth embodiment of the present invention; 
FIG. 6 is a block diagram showing the sixth embodi 

ment of the present invention wherein the ?fth embodi 
ment is applied to a three dimensional A modulator type 

_ A/D converter; 
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FIG. 7 is a block diagram showing the seventh em 
bodiment of the present invention wherein the sixth 
embodiment is made more practical; 
FIG. 8 is a block diagram showing a A modulator 

type A/D converter according to the eighth embodi 
ment of the present invention; 
FIG. 9 is a block diagram showing a A modulator 

type A/D according to the ninth embodiment of the 
present invention; 
FIG. 10 is a block diagram showing a self-calibration 

type A modulator type A/D converter according to the 
tenth embodiment of the present invention; 
FIG. 11 is a block diagram showing the eleventh 

embodiment wherein the tenth embodiment is made 
more practical; 
FIG. 12 is a block diagram showing a prediction 

noise-shaping type A/D converter according to the 
twelfth embodiment of the present invention; and 
FIG. 13 is a block diagram showing an embodiment 

wherein the present invention is applied to a A2 modu 
lator type D/A converter. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In an embodiment shown in FIG. 1, an analog input 
signal supplied to an input terminal 1 is supplied to the 
addition input terminal of a subtracter 2. An output 
signal from the subtracter 2 is input to a local A/D 
converter 4 through a low-pass ?lter 3 for integration. 
An output signal from the local A/D converter 4 is 
converted into an analog input signal by a local D/A 
converter 5. The analog signal is then supplied, as a 
feedback signal, to the subtraction input terminal of the 
subtracter 2. A A2 modulator is constituted by the 
subtracter 2, the low-pass ?lter 3, the local A/D con 
verter 4, and the local D/A converter 5. 
The output signal from the local A/D converter is 

supplied, as an address input, to a ROM (read-only 
memory) 6. The ROM 6 is used to correct an output 
digital value (P) from the local A/D converter 4 so as to 



5,101,205 
5 

obtain and output a digital value (Q) corresponding to 
an actual analog value output from the local D/A con 
verter 5 when the digital value P is input thereto. For 
this purpose, the ROM 6 stores digital values Q mea 
sured in advance and corresponding to various digital 
values P at addresses designated by the digital values P. 
More speci?cally, the ROM 6 stores a look-up table 
having the various output digital values P from the local 
A/D converter 4 and the digital values Q measured in 
advance in correspondence with the digital values P. In 
other words, the digital value P output from the A/D 
converter 4 is converted into address data by a digital 
value/address converter (not shown) and supplied to 
the ROM 6 to access the corresponding address thereof. 
The following tables 1 and 2 show two kinds of look-up 
table, respectively. 

TABLE 1 
Input digital values True output 

(address) of D/A converter 

0 0.000] 
I 1.002 
2 1.998 

it 

TABLE 2 
Input digital values Conversion error 

(address) of D/A convener 

0 0.00001 
1 0.00003 
2 —0.00002 

N 

The precision of the digital values Q is preferably 
higher than target A/D conversion precision. 
The digital value Q stored at an address designated by 

the digital value P output from the local A/D converter 
4 is read out from the ROM 6 and is input to a digital 
?lter 7. The digital ?lter 7 removes unnecessary compo 
nents, produced by over-sampling in the local A/D 
converter 4, from the output from the ROM 6, and 
transmits a ?nal A/D conversion output to an output 
terminal 8. 

In the A/D converter having the above-described 
arrangement, an error caused by a conversion error of 
the local D/A converter 5 is removed from an output 
digital value from the local A/D converter by the 
lookup table of the ROM 6. Therefore, an A/D conver 
sion output with very high precision is obtained from 
the output terminal 8. 

In a A}; modulator type A/D converter according to 
the second embodiment shown in FIG. 2A, the sub 
tracter 2 and the low-pass ?lter 3 in the ?rst embodi 
ment are replaced with subtracters 9a and 9b, integra 
tors 10a and 10b, and multipliers 11a and 11b. and a two 
dimensional 92 modulator is constituted by these com 
ponents, a local A/D converter 4, and a local D/A 
converter 5. More speci?cally, an input terminal 1 is 
connected to the local A/D converter 4 through the 
subtracter 9a, the integrator 100. the subtracter 9b, and 
the integrator 10b. The output terminal of the D/A 
converter 5 is connected to the negative input terminals 
of the subtracters 9a and 9b through the multipliers 11a 
and 11b. Similar to the above embodiment, in this em 
bodiment, an output signal from the local A/D con 
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6 
verter 4 is corrected by a look-up table stored in the 
ROM 6, and is subsequently supplied to an output termi 
nal 8 through a digital ?lter 7. 
According to a modi?cation of FIG. 2A as shown in 

FIG. 28, an input terminal 1 is connected to a local 
A/D converter 4 through a subtracter 190, a multiplier 
lle, an integrator 100, a multiplier 11f a integrator 10b. 
a multiplier 11g. an integrator 10c, and a subtracter 19b. 
The output terminals of the integrators 10a and 10b are 
connected to the subtracter 19b through multipliers 11a 
and 12b. respectively, and also to 'the subtracter 190 
through multipliers 11c and 11d, respectively. The out 
put terminal of the D/A converter 5 is connected to the 
negative input terminal of the subtracters 19a. In this 
modi?cation, the output of the D/A converter 5 is not 
supplied directly to the integrator, but to the A/D con 
verter 4 and the subtracter after the output of the inte 
grator has been weighted. 

In the A/D converters of FIG. 2A and 2B, an output 
signal from the local A/D converter 4 is corrected by a 
look-up table stored in the ROM 6, and is subsequently 
supplied to an output terminal 8 through a digital ?lter 
7. 

In a A2 modulator type A/D converter according to 
the third embodiment shown in FIG. 3A, an output 
signal from a local A/D converter 4 is input to a ROM 
12 and a digital ?lter 13. An output signal from the 
ROM 12 is input to a digital ?lter 14. Output signals 
from the digital ?lters 13 and 14 are added together by 
an adder 15, and the addition result is supplied, as an 
A/D conversion output, to an output terminal 8. 
The ROM 12 prestores a digital value a-b as a differ 

ence between an output digital value a from the local 
A/D converter 4 and a digital value b corresponding to 
an actual analog value output from the local D/A con 
verter 5 when the digital value a is input thereto. The 
digital value a-b stored at an address designated by the 
digital value a output from the local A/D converter 4 is 
read out from the ROM 12 and is input to the digital 
?lter 14. The digital ?lter 14 removes unnecessary com 
ponents, produced by over-sampling in the local A/D 
converter 4, from the output from the ROM 12. Simi 
larly, the digital ?lter 13 removes unnecessary compo 
nents, produced by over—sampling, from the output 
from the local A/D converter 4. When output signals 
from the digital ?lters 13 and 14 are added together by 
the adder 15, an error caused by a conversion error of 
the local D/A converter 5 can be removed from the 
output digital value from the local A/D converter 5. As 
a result, an A/D conversion output with very high 
precision can be obtained from the output terminal 8. 
As described above, according to the third embodi 

ment, an output signal from the local A/D converter 4 
and an error signal based on a conversion error of the 
local D/A converter 5 are respectively input to the 

’ digital ?lters 13 and 14. Thereafter, these signals are 

65 

synthesized by the adder 15 to obtain a ?nal A/D con 
version output. With this operation, the number of bits 
of each of input signals to the digital ?lters 13 and 14 
can be set to be smaller than that of each digital ?lter 7 
in the ?rst and second embodiments. Since the circuit 
size of each of the digital ?lters 13 and 14 is smaller than 
that of the digital ?lter 7, an A/D converter having a 
smaller chip area can be formed. 

In a modi?cation of FIG. 3A as shown in FIG. 38, a 
weighting circuit for shifting the position of bits is con 
nected between the digital ?lter 14 and the adder 15. 



7 
According to the A/D converter of FIG. 3, the follow 
ing table 3 is provided in the ROM 12. 

TABLE 3 

Input digital values Conversion error 
(address) of D/A converter 

0 l 
l 3 
2 - 2 

s 

The table 3 is formed by omitting o from the table 2. 
When this table 3 is used, the output of the digital ?lter 
14 is weighted by, for example, the shifting of bits be 
fore the outputs of the digital ?lter l3 and 14 are added 
together. 

In a A2 modulator type A/D converter according to 
the fourth embodiment shown in FIG. 4, similar to the 
second embodiment, the AZ modulator in the third 
embodiment is replaced with a two dimensional A2 
type modulator constituted by subtracters 9a and 9b, 
integrators 10a and 10b, and multipliers 11a and 11b. 

In a A2 modulator type A/D converter of a self-cali 
bration scheme according to the ?fth embodiment 
shown in FIG. 5, an output signal from a local A/D 
converter 4 is input to a RAM (random access memory) 
16. Similar to the ROMs 6 in the ?rst and second em 
bodiments, the RAM 16 serves to correct an output 
digital value P from the local A/D converter 4 so as to 
obtain and output a digital value Q corresponding to an 
actual analog value output from a local D/A converter 
5 when the digital value P is input thereto. The digital 
value Q corresponding to the digital value P is written 
in the RAM 16 by an arithmetic circuit 17. The digital 
value Q stored at an address designated by the output 
digital value P from the local A/D converter '4 is read 
out from the RAM 16 and is input to a digital ?lter 7. 
The digital ?lter 7 removes unnecessary components, 
produced by over-sampling in the local A/D converter 
4, from the output from the RAM 16, and supplies a 
?nal A/D conversion output to an output terminal 8. 
The arithmetic circuit 17 measures a conversion error 

of the local D/A converter 5 at an time and writes a 
digital value b in the RAM 16 in accordance with the 
conversion error. The digital value Q stored at an ad 
dress designated by the output digital value P from the 
local A/D converter 4 is read out from the RAM 16 and 
is input to the digital ?lter 7. The digital ?lter 7 removes 
unnecessary components, produced by over-sampling 
in the local A/D converter 4, from an output from a' 
ROM 18, and supplies a ?nal A/D conversion output to 
the output terminal 8. Since a value corresponding to an 
ideal output from the local D/A converter 5 is read out 
from the ROM 18 and is written, as an initial value, in 
the RAM 16, the occurrence of conversion errors im 
mediately after the start of a conversion operation is 
reduced. 
According to this embodiment, an error of the A/D 

converter 4 due to changes in temperature, changes in 
quality over years, and the like can be corrected. In 
addition, since the contents of the RAM 16 are automat 
ically corrected, high conversion precision can be ob 
tained without writing the digital values Q in a ROM in 
advance as in the case wherein the ROM 16 is used. 

In a A2 modulator type A/D converter according to 
the sixth embodiment shown in FIG. 6 wherein the ?fth 
embodiment is made more practical, a three dimen 
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sional modulator is constituted by subtracters 9a to 9c. 
integrators 10a to 10¢, multipliers 11a to 110, a local 
A/D converter 4, and a local D/A converter 5. A plu 
rality of reference voltages generated by a reference 
voltage generator 21 and used by the local A/D con 
verter 4 and the local D/A converter 5 are switched by 
a switching circuit 23 in accordance with a digital value 
from a digital value generator 22. The resultant voltage 
is then converted into a digital value by a A2 modulator 
type A/D converter 24 to generate a digital value to be 
written in a RAM 16. When the digital value output 
from the AZ modulator type A/D converter 24 is writ 
ten in the RAM 16, the address input terminal of the 
RAM 16 is switched from the output terminal of the 
local A/D converter 4 to the output terminal of the 
digital value generator 22. Such a writing operation 
with respect to the RAM 16 is performed at any time. 

Since a conversion error of the local D/A converter 
5 is caused by an error of a reference voltage generated 
by the reference voltage generator 21, an analog volt 
age output from the switching circuit 23 includes con 
version error data of the local D/A converter 5. There 
fore, when this data is processed by the AZ modulator 
type A/D converter 24, a digital value, which corre 
sponds to an actual analog value output from the local 
D/A converter 5 when an output digital value from the 
local A/D converter 4 is input to the local D/A con 
verter 5, is written in the RAM 16. 

In addition, according to this embodiment, since the 
reference voltage generator 21 is commonly used for 
the local A/D and D/A converters 4 and 5, an input 
analog voltage value to the local A/D converter 4 per 
fectly coincides with an output analog voltage value 
from the local D/A converter 5. This prevents an in 
crease in quantization noise in the local A/D and D/A 
converters 4 and 5 and can minimize a decrease in S/N 
ratio. 

In a A2 modulator type A/D converter according to 
the seventh embodiment shown in FIG. 7 wherein the 
sixth embodiment is made more practical, resistors 31 
connected in series with each other between two refer 
ence voltages Vrefl and Vrefl constitute the reference 
voltage generator 21 in FIG. 6, and the local A/D 
converter 4 in FIG. 6 is constituted by a plurality of 
comparators 32 for comparing a plurality of reference 
voltages obtained by these resistors 31 with input signal 
voltages supplied through subtracters 9a to 9c, integra 
tors 10a to 10c, and multipliers 11a to 110, a plurality of 
AND gates 33 and an encoder 34 arranged on the out 
put side of the comparators 32. 
When a switching circuit 35 connected between the 

nodes of the resistors 31 and the common input line of 
the multipliers 11a to He is switched in accordance 
with outputs from the AND gates 33, the switching 
circuit 35 generates a analog voltage value correspond 
ing an output digital value from a local A/D converter 
4. That is, the switching circuit 35 constitutes the local 
D/A converter 5 (FIG. 6) together with the resistors 
31. 
A subtracter 36, an integrator 37, and a comparator 

38 constitute the A2 modulator type A/D converter 24 
in FIG. 6. This A/D converter 24' has a one bit struc 
ture. The pulse width or density of an output from the 
A/D converter 24 is changed in accordance with the 
DC component of an analog voltage input thereto 
through a switching circuit 23. Output digital values 
from this A2 modulator type A/D converter 24 are 
added together and averaged by a counter 39 constitut 
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ing a digital lowpass ?lter, and the average value is 
written at an address, of the RAM 16, designated by an 
output digital value from a digital value generator 22. 

In a A modulator type A/D converter according to 
the eighth embodiment of the present invention shown 
in FIG. 8. an analog integrator 41 is inserted between 
the output terminal of a local D/A converter 5 and the 
subtraction input terminal of a subtracter 2. A A modu 
lator is calibrated by the D/A converter 5 and the ana 
log integrator 41. A digital integrator 42 is inserted 
between a ROM 6 and a digital ?lter 7. The ROM 6 is 
identical to the ROM 6 in each of the ?rst and second 
embodiments. 
A A modulator type A/D converter according to the 

ninth embodiment shown in FIG. 9 is different from the 
A/D converter shown in FIG. 8 in that a digital inte 
grator 43 is inserted between the output terminal of a 
local A/D converter 4 and the input terminal of a local 
D/A converter 5. The digital integrator 43 can also 
have the function of the digital integrator 42 shown in 
FIG. 8. 

In a A modulator type A/D converter according to 
the tenth embodiment shown in FIG. 10, similar to the 
?fth embodiment, a RAM 16 is used in place of the 
ROM 6 in the eighth embodiment, and corrected data is 
written in the RAM 16 by an arithmetic circuit 17. A 
ROM 18 is used to write initial values in the RAM 16. 
In a A modulator type A/D converter according to the 
eleventh embodiment shown in FIG. 11 wherein the 
tenth embodiment is made more practical, the arrange 
ment is the same as that of the embodiment shown in 
FIG. 7 except for two analog integrators 51a and 51b 
corresponding to the digital integrator 41 in FIG. 10, 
and two digital integrators 52a and 52b corresponding 
to the digital integrator 42 in FIG. 10. Therefore, the 
same reference numerals in FIG. 1] denote the same 
parts as in FIG. 7, and a detailed description thereof will 
be omitted. 
FIG. 12 is a block diagram showing an A/D con 

verter according to the twelfth embodiment of the pres 
ent invention. In this embodiment, in addition to the 
low-pass ?lter inserted between the subtracter 2 and the 
local A/D converter 4 in FIG. 1, a low-pass ?lter 20 is 
inserted between a local D/A converter 5 and a sub 
tracter 2. The low-pass ?lter 20 is constituted by an 
analog integrator. This arrangement is of a prediction 
noise-shaping type A/D converter. Similar to the above 
embodiments, in this embodiment, an output from the 
local A/D converter 4 is corrected by a ROM 6 to 
obtain a value corresponding to an actual output value 
from the local D/A converter 5, and the obtained value 
is then supplied to an output terminal 8 through a digital 
?lter 7. 

In a A2 modulator type D/A converter according to 
the thirteenth embodiment of the present invention 
shown in FIG. 13, a digital input signal provided to an 
input terminal 61 is supplied to the subtraction input 
terminal of a subtracter 62, and an output signal from 
the subtracter 62 is input to a digital low-pass ?lter 63 
for integration. An output from the digital low-pass 
?lter 63 is input to a quantizer 64 so that requantization 
is performed in accordance with the number of input 
bits of a local D/A converter 65. An output from the 
quantizer 64 is input to the local D/A converter 64 and 
is also fed back to the subtraction input terminal of the 
subtracter 62 through a ROM 66. An output from the 
local D/A converter 65 is supplied, as a D/A conver 
sion output, to an output terminal 67. The ROM 66 is 
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10 
used to correct an output digital value (R) from the 
quantizer 64 so as to obtain and output a digital value 
(S) corresponding to an actual analog value output from 
the local D/A converter 65 when the digital value R is 
input thereto. The ROM 66 prestores digital value (I 
accurately corresponding to the digital value R. The 
precision of the digital value S is preferably higher than 
target D/A conversion precision. 
The digital value S stored at an address designated by 

the output digital value R from the quantizer 64 is read 
out from the ROM 66 and is fed back to the subtracter 
62. With this operation, a digital value input to the local 
D/A converter 65 is corrected by an amount corre 
sponding a predicted conversion error of the local D/A 
converter 65. Therefore, a D/ A conversion output with 
very high precision can be obtained from the output 
terminal 67. 
The present invention is not limited to the abovede 

scribed embodiments and can be applied to feedback 
type A/D converters of any number of dimensions and 
any types. In addition, local A/D and D/A converters 
to be used are not limited those in the embodiments 
described above. As a local A/D converter, for exam 
ple, any one of the following A/D converters may be 
used: a sequential comparison type A/D converter, an 
integration type A/D converter, a parallel comparison 
type A/D converter, a series/parallel comparison type 
A/D converter, and a modulator type A/D converter. 
As a local D/A converter, for example, any one of the 
following _D/A converters may be used: a weighted 
current type D/A converter, a current addition type 
D/A converter, an R-2R resistor ladder type D/A 
converter, and a A2 modulator type D/A converter. 
According to the present invention, an A/D conver 

sion output is free from the in?uence of a conversion 
error of a local D/A converter, and hence A/D conver 
sion can be performed with very high precision. 
Even if, therefore, a D/A converter having a multi 

ple bit structure, which is advantageous in terms of 
stability of an operation, quantization noise, and the 
signal amplitude inside an integrator, is used as a local 
D/A converter, trimming and the like need not be per 
formed in the manufacturing process in order to in 
crease the precision of the D/A converter itself, 
thereby realizing a cost reduction. 

Additional advantages and modi?cations will readily 
occur to those skilled in the art. Therefore, the inven 
tion in its broader aspects is not limited to the speci?c 
details, and representative devices, shown and de 
scribed herein. Accordingly, various modi?cations may 
be made without departing from the spirit or scope of 
the general inventive concept as de?ned by the ap 
pended claims and their equivalents. 
What is claimed is: 
1. An A/D converter comprising: 
calculating means for generating a differential signal 

corresponding to a difference between an input 
signal and a feedback signal; 

local A/D-converting means for converting the dif 
ferential signal into a ?rst digital signal; 

local D/A-converting means, connected to said local 
A/D-converting means, for converting the ?rst 
digital signal into an analog signal, and outputting 
the analog signal, as the feedback signal, to said 
calculating means; 

?lter means inserted in at least one of a path between 
said calculating means and said local A/D-convert 
ing means, a path between said local A/D-convert 
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ing means and said local D/A-converting means, 
and a path between said local D/A-converting 
means and said calculating means; 

correcting means for correcting the ?rst digital signal 
output from said local A/D-converting means so as 
to obtain a second digital signal corresponding to 
the analog signal output from said local D/A-con 
verting means when the ?rst digital signal is input 
thereto; and 

output means for outputting the second digital signal, 
output from said correcting means, as an output 
signal. 

2. A converter according to claim 1, wherein said 
correcting means includes storage means for storing a 
look-up table which is formed in accordance with a 
relationship between a plurality put values to said local 
D/A’converting means and a plurality of output values 
corresponding thereto. 

3. A converter according to claim 1, wherein said 
?lter means comprises an integration circuit, connected 
between said calculating means and said A/D-convert 
ing means, for integrating the differential signal, and 
said local A/D-converting means converts an inte 
grated differential signal, output from said loc‘al A/D 
converting means, into the ?rst digital signal. 

4. A converter according to claim 1, wherein said 
?lter means comprises a plurality of integrators con 
nected between said calculating means and said A/D 
converting means, and said calculating means includes a 
subtracter for calculating a difference between the input 
signal and the feedback signal, and a subtracter for 
calculating a difference between an output signal from a 
given integrator of said plurality of integrators and the 
feedback signal, and outputting the differential signal to 
an integrator next to said given integrator. 

5. A converter according to claim 1, wherein said 
?lter means is an analog integration circuit connected 
between said calculating means and said D/A-convert 
ing means. 

6. A converter according to claim 1, wherein said 
?lter means comprises a digital integration circuit con 
nected between a connection node of said correcting 
means and said D/A-converting means, and said A/D 
converting means. 

7. A converter according to claim 1, wherein said 
?lter means comprises an analog integrator connected 
between said calculating means and said A/D-convert 
ing means, and an analog integrator connected between 
said calculating means and said D/A-converting means. 

8. A converter according to claim 1, further compris 
ing means for writing the second digital value corre 
sponding to the ?rst digital signal into said correcting 
means. 

9. A converter according to claim 1, wherein said 
correcting means comprises a memory for storing the 
digital value, means for reading out the digital value 
stored in said memory as a second digital signal, and 
means for writing a digital value corresponding to the 
?rst digital signal into said memory. - 

10. A converter according to claim 1, wherein said 
correcting means comprises digital value generating 
means for generating a digital value, switching means 
for switching a plurality of reference voltages in accor 
dance with the digital value output from said digital 
value generating means, A! modulator type A/D-con 
verting means for converting the reference voltage, 
output from said switching means, into a digital value, 
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and a RAM for storing the digital value output from 
said converting means. 

11. A converter according to claim 1, wherein said 
?lter means comprises a plurality of integrators con 
nected between said calculating means and said A/D 
converting means, and said calculating means includes a 
subtracter for calculating a difference between the input 
signal and the feedback signal, and a subtracter for 
calculating a difference between an output signal from a 
given integrator of said plurality of integrators and the 
feedback signal, and outputting the differential signal to 
an integrator next to said given integrator. 

12. A converter according to claim 1, further com 
prising an additional digital ?lter means connected be 
tween said correcting means and said output means, and 
wherein said ?lter means comprises an analog integra 
tor connected between said calculating means and said 
D/A-converting means, and said correcting means 
comprises a memory for storing the digital value, means 
for reading out the digital value stored in said memory 
as a second digital signal, and means for writing a digital 
value corresponding to the ?rst digital signal into said 
memory. 

13. An A/D converter comprising: 
calculating means for calculating a difference be 
tween an input signal and a feedback signal, and 
outputting a differential signal; 

local A/D-converting means for converting the dif 
ferential signal into a ?rst digital signal; 

local D/A-converting means for converting the ?rst 
digital signal, output from said A/D-converting 
means, into an analog signal, and outputting the 
analog signal, as the feedback signal, to said calcu 
lating means; 

?lter means inserted in at least one of a path between 
said calculating means and said local A/D-convert 
ing means, a path between said local A/D-convert 
ing means and said local D/A converting means, 
and a path between said local D/A-converting 
means and said calculating means; 

error signal output means for estimating a difference 
between said ?rst digital signal, output from said 
local A/D-converting means, and the analog signal 
output from said local D/A-converting means 
when the ?rst digital signal is input thereto, and 
outputting an error signal based on the difference; 

correcting means for correcting the ?rst digital signal 
by using the error signal to obtain a second digital 
signal; and 

output means for outputting the second digital signal, 
obtained by said correcting means, as an output 
signal. 

14. A converter according to claim 13, wherein said 
correcting means includes storage means for storing a 
look-up table which is formed in accordance with a 
relationship between a plurality of input values to said 
local D/A-converting means and a plurality of output 
values corresponding thereto. 

15. A converter according to claim 13, wherein said 
filter means comprises an integration circuit, connected 
between said calculating means and said A/D-convert 
ing means, for integrating the differential signal, and 
said local A/D-converting means converts an inte 
grated differential signal, output from said local A/D 
converting means, into the digital signal. 

16. A converter according to claim 13, wherein said 
?lter means comprises a plurality of integrators con 
nected between said calculating means and said A/D 



5,101,205 
13 14 

convening means. and said calculating means includes a feedback signal, and outputting the differential signal to 
subtracter for calculating a difference between the input an integrator next to said given integrator. 
signal and the feedback signal, and a subtracter for 17. A converter according to claim 1, wherein said 
calculating a difference between an output signal from a ?lter means comprises an integrator. 
given integrator of said plurality of integrators and the 5 ‘ ‘ * ‘ ‘ 
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